Background: It is difficult to completely fix nasal bone fractures with closed reduction, as it is often accompanied by septal cartilage damage, and this often results in postoperative secondary deformities. Thus, patients are often reluctant to undergo closed reduction surgery. The present study aimed to evaluate aesthetic and functional satisfaction, as well as satisfaction with and complications of closed reduction, according to nasal bone fracture type. Methods: The subjects were patients who underwent closed reduction under general anesthesia from January 2017 to December 2018. Based on the modified Murray classification, patients were classified into five groups according to the fracture site, septal fracture, and deviation. A total of 211 patients were sent a web-based survey on postoperative satisfaction and complications, as well as intention for revision and cosmetic surgery. Sixty-one patients (28.9%) responded. Results: There were no significant differences in aesthetic and functional satisfaction or satisfaction with closed reduction according to the fracture type, site, or severity. Postoperative functional complications developed in 14 of 61 patients (22.95%). With 10 out of 24 (41.67%) patients (p = 0.044), the bilateral fracture with septal fracture or prominent septal deviation type had a higher incidence of complications than the other types. Conclusion: The incidence of complications is higher for bilateral fracture with septal fracture or prominent septal deviation compared to the other nasal bone fracture types. Therefore, long-term follow-up after closed reduction surgery for this fracture type can aid in establishing additional postoperative treatment plans and improving patient satisfaction.
INTRODUCTION
The nasal bone, which protrudes at the center of the face, is one of the most commonly fractured facial bones as a result of trauma [1] .
Surgical treatments for nasal bone fracture include closed reduction, open reduction, and rhinoplasty, of which closed reduction is the standard treatment because it allows a safe, simple, and effective reduction [1] [2] [3] . However, it is difficult to completely fix nasal bone fractures using closed reduction, as it is frequently accompanied by septal cartilage damage and often leads to postoperative secondary deformities; therefore, patients are reluctant to undergo treatment using this surgical method [2] [3] [4] [5] [6] . Previous studies have looked at various approaches to improve patient satisfaction after closed reduction of nasal bone fractures; however, these studies do not differentiate between aesthetic satisfaction and functional satisfaction, and they do not assess longterm (> 6 months) satisfaction [7] [8] [9] .
The present study aimed to evaluate aesthetic and functional satisfaction in patients with nasal bone fracture who underwent closed reduction. The evaluation was carried out taking various factors into account, such as the type, site, and severity of the fracture. In addition, we aimed to investigate the long-term prognosis of patients after closed reduction of nasal bone fracture by comparison of complications and intention for revision.
METHODS

Patients
Patients who underwent closed reduction of nasal bone fracture performed by three operators (JSC, KMS, and WYC) under general anesthesia between January 2017 and December 2018 were enrolled. Patients who underwent surgery under local anesthesia or had a concomitant facial bone fracture were excluded from the study. Demographic information such as sex, age, and mechanism of injury was collected through medical records. The study was approved by the Institutional Review Board of Chosun University Hospital (IRB No. 2019-09-004-002).
Patient classification
To classify patients by fracture type, the following criteria were applied through modification of the Murray classification ( Fig.  1 ) [10, 11] : Am, unilateral fracture without septal fracture or prominent septal deviation; As, unilateral fracture with septal fracture or prominent septal deviation; Bm, bilateral fracture without septal fracture or prominent septal deviation; Bs, bilateral fracture with septal fracture or prominent septal deviation; C, comminuted fracture. 
Satisfaction and complication questionnaire
To evaluate postoperative satisfaction of patients, a total of five questions were asked in a survey as follows: (1) Satisfaction with postoperative nose shape (if unsatisfactory, what is the reason?); (2) Satisfaction with postoperative functional aspect (if unsatisfactory, what is the reason?); (3) Overall satisfaction with closed reduction; (4) If you were able to return to the preoperative state, would you choose to undergo the same surgery again?; and (5) Would you like to have revision through cosmetic surgery?
All questions were scored on a 5-point scale, with 5 points representing the highest satisfaction and positivity. Google survey (Google, Berkeley, CA, USA), a web-based survey program, was used for the survey. Only patients who consented to the survey verbally over the phone were sent a mobile message containing the purpose of the study and a link to the survey. All patients anonymously accessed the survey link and participated in the survey voluntarily. Of a total of 211 patients, eight patients (25.8%) in the Am group, 13 patients (22.4%) in the As group, seven patients (35%) in the Bm group, 24 patients (32%) in the Bs group, and nine patients (33.3%) in the C group participated in the survey. The numbers in parentheses indicate the response rate in each group. A total of 61 patients (28.9%) participated in the survey (Fig. 2 ).
Statistical analysis
For comparisons of aesthetic satisfaction, functional satisfaction, and satisfaction with closed reduction depending on fracture type, the Kruskal-Wallis test, a nonparametric test, was applied because the five participant groups failed to meet normality in the Shapiro-Wilk test of normality.
To compare aesthetic satisfaction, functional satisfaction, and satisfaction of closed reduction depending on fracture site, patients were divided into three groups including a unilateral group (Am+As), a bilateral group (Bm+Bs), and a comminuted group (C). Since they failed to meet normality in the Shapiro-Wilk test of normality, the Kruskal-Wallis test was used for comparison.
In addition, patients were classified into a mild group (Am+ Bm), a severe group (As+Bs), and a comminuted group (C) in order to compare aesthetic satisfaction, functional satisfaction, and satisfaction with closed reduction depending on fracture severity. Since they did not meet normality in the Shapiro-Wilk test of normality, the Kruskal-Wallis test was used for comparison. For the comparison of aesthetic complications and functional complications depending on fracture type, a complication was scored 1 point, while no complication was scored 0. The Kruskal-Wallis test was used for comparison because they failed to meet normality in the Shapiro-Wilk test of normality. All statistical analyses were performed using SPSS version 23.0 (IBM Corp., Armonk, NY, USA). Statistical significance was defined when a p-value was less than 0.05.
RESULTS
Demographics
Of the 211 patients who received closed reduction for isolated nasal bone fracture from January 2017 to December 2018, the Bs group with 75 patients (35.5%) had the highest number of patients, followed by the As group with 58 patients (27.5%), the Am group with 31 patients (14.7%), the C group with 27 patients (12.8%), and the Bm group with 20 patients (9.5%).
There were 157 males and 54 females. Relatively severe fracture types had a higher male to female ratio. The highest mean age was found in the C group (43.37 years), followed by the Bs group (33.89 years), the As group (34.76 years), the Bm group (28.00 years), and the Am group (24.55 years). The mean age of the total patient group was 33.41 years. The average time from injury to closed reduction surgery was 5.5 days ( Table 1) .
The most common cause of nasal bone fracture was falling down, followed by assault, traffic accident, sports injury, and work place injury. In all the groups, falling down was the most common cause. On the other hand, traffic accidents were the second most common cause in the Bs and C groups, whereas assaults were the second most common cause in the Am and As groups ( Fig. 3 ).
Satisfaction according to fracture type
The overall mean score for aesthetic satisfaction depending on fracture type was 3.80 points, showing scores in the following Am, unilateral fracture without septal fracture or prominent septal deviation; As, unilateral fracture with septal fracture or prominent septal deviation; Bm, bilateral fracture without septal fracture or prominent septal deviation; Bs, bilateral fracture with septal fracture or prominent septal deviation; C, comminuted fracture. As Am order (from the highest to the lowest): C, Bm, As, Am, and Bs. However, there were no statistically significant differences. The overall mean score for functional satisfaction depending on fracture type was 3.97 points, showing scores in the following order (from the highest to the lowest): C, Bm, Am, As, and Bs. However, there were no statistically significant differences. Regarding fracture type, the total mean score for closed reduction satisfaction was 4.01, showing scores in the following order (from the highest to the lowest): Bm, C, As, Bs, and Am. However, there were no statistically significant differences ( Table 2) .
Satisfaction according to fracture site
Aesthetic satisfaction scores according to fracture site were the highest in the comminuted group, followed by the bilateral group, and then the unilateral group. However, there were no statistically significant differences. Functional satisfaction scores according to fracture site were the highest in the comminuted group, followed by the unilateral group, and then the bilateral group. However, there were no statistically significant differences. Scores for closed reduction satisfaction according to fracture site were the highest in the comminuted group, followed by the bilateral group, and then the unilateral groups. However, there were no statistically significant differences ( Table 3 ).
Satisfaction according to fracture severity
Aesthetic satisfaction scores according to fracture severity were the highest in the comminuted group, followed by the mild group, and then the severe group. However, there were no statistically significant differences. Functional satisfaction scores according to fracture severity were the highest in the comminuted group, followed by the mild group, and then the severe group. However, there were no statistically significant differences. Closed reduction satisfaction scores according to fracture severity were the highest in the comminuted group, followed by the mild group, and then the severe group. However, there were no statistically significant differences (Table 4 ).
Postoperative complications according to fracture type
A total of 14 patients (22.95%) had postoperative aesthetic complications, including deviated nose in 12 patients (19.97%), hump nose in one patient (1.64%), and saddle nose in one patient (1.64%). As for aesthetic complications by fracture type, there were six patients in the Bs group, four patients in the As group, three patients in the Am group, and one patient in the C group, whilst there were no aesthetic complications in the Bm group. The highest aesthetic complication rate (%) was found in the Am group (33.33%), followed by the As (30.77%), Bs (25.00%), C (11.11%), and Bm (0%) groups. However, there were no statistically significant differences. Postoperative functional complications were found in a total of 14 patients (22.95%), including seven patients (11.47%) with nasal obstruction, three patients (4.92%) with rhinorrhea, two patients (3.28%) with pain, and two patients (3.28%) with nasal bleeding. As for functional complications according to fracture type, there were 10 patients in the Bs group, two patients in the As group, and two patients in the Am group, whilst there were no functional complications in the C and Bm groups. The highest functional complication rate (%) was found in the Bs (41.67%) group, followed by the Am (25.00%), As (15.38%), C (0%), and Bm (0%) groups. Postoperative functional complications were significantly different according to fracture type (p= 0.044) (Tables 5  and 6 , Fig. 4 ).
Operative intention according to fracture type
When patients were asked if they would choose closed reduction again if they had the same nasal bone fracture injury, the overall score for intention to choose closed reduction again was 3.70 on average, with the highest scores in the Bm group, followed by the C, As, Am, and Bs groups. However, there were no statistically significant differences. The overall mean score for intention to choose rhinoplasty due to the current nasal condition after closed reduction of nasal bone fracture was 3.03 points, with the highest scores in the Am group, followed by the Bm, C, Bs, and As groups. However, there were no statistically significant differences (Table 7) . Values are presented as mean ± standard deviation. Am, unilateral fracture without septal fracture or prominent septal deviation; As, unilateral fracture with septal fracture or prominent septal deviation; Bm, bilateral fracture without septal fracture or prominent septal deviation; Bs, bilateral fracture with septal fracture or prominent septal deviation; C, comminuted fracture.
a)
Kruskal-Wallis test. Values are presented as number or number (%). Am, unilateral fracture without septal fracture or prominent septal deviation; As, unilateral fracture with septal fracture or prominent septal deviation; Bm, bilateral fracture without septal fracture or prominent septal deviation; Bs, bilateral fracture with septal fracture or prominent septal deviation; C, comminuted fracture. 
DISCUSSION
The nose is a protruding organ at the center of the face and an opening of the respiratory system. Nasal bone fracture is common and may result in aesthetic disapproval and functional disorders. Therefore, it is imperative to evaluate satisfaction and complications in patients postoperatively to establish additional treatment options for potential deformities and functional issues that may occur following surgery. Hence, there are various studies on patient satisfaction and postoperative complications after closed reduction of nasal bone fractures [9, 12, 13] . However, satisfaction is a highly subjective evaluation, and factors affecting satisfaction [8] are diverse, including the postoperative follow-up period, reduction time, and fracture severity, all of which limit the evaluation of prognosis and complications [7] [8] [9] . Thus, the present study aimed to evaluate and predict the prognosis of patients through scoring and comparison of longterm satisfaction, complications, and revision intention after closed reduction according to various factors.
In the present study, the C and Bm groups showed higher scores for aesthetic and functional satisfaction, as well as closed reduction satisfaction, compared to the As and Bs groups; however, these differences were not statistically significant. Similarly, Kang and Han [9, 14] also reported no statistically significant differences according to fracture type, although the classification of fracture types was different from that in the present study. On the other hand, regarding satisfaction according to fracture severity, Yilmaz et al. [8] reported that the mild type fracture group showed relatively better satisfaction. In contrast, the present study showed higher aesthetic and functional satisfaction scores, as well as closed reduction satisfaction scores in the comminuted group, compared to the mild and severe groups. Whilst these differences were not statistically significant, these results were different from those of the previous study.
Scores for intention to reselect closed reduction, according to fracture type, showed a similar pattern. This indicates that the patient's choice whether they would opt for closed reduction again, was dependent on their satisfaction. Nineteen patients out of a total of 61 (for 31.15%) wanted postoperative rhinoplasty (a score of 4 or 5 points). The rhinoplasty intention score by type was relatively higher in mild types, such as the Am and Bm groups, although there were no significant differences. This is consistent with the results of Hung et al. [7] that showed that postoperative satisfaction and revision surgery would be inconsistent.
In our study, unilateral groups, such as the Am and As groups, showed a relatively higher aesthetic complication rate within the group after closed reduction, although there were no statistically significant differences. On the other hand, the Bs group showed the highest functional complication rate (41.6%), which was statistically significant (p = 0.044). Consistent with our findings, Kang and Han [9, 14] reported significant differences in complications within the patients with septal deviation, although the fracture classification was different from that in our study. In particular, the present study found that the As and Bs groups included many septum deviations and the fractures had a higher rate of nasal obstruction.
In comparison to previous studies, the present study was able to compare relatively long-term satisfaction and complications after closed reduction because we targeted long-term patients. In addition, we believe that this study offers a more honest and subjective evaluation because it employed a web-based survey instead of a face-to-face interview with an operator. However, the response rate was only about 30% of the study population, providing a relatively small sample size for evaluation. Furthermore, the web-based survey evaluation method may have resulted in an age bias.
In conclusion, patients with isolated nasal bone fracture can be classified into various groups depending on fracture type. And The incidence of complications is higher for bilateral fracture with septal fracture or prominent septal deviation compared to the other nasal bone fracture types. Therefore, longterm follow-up after closed reduction surgery for this fracture type can aid in establishing additional postoperative treatment plans and improving patient satisfaction.
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